Chromosomes of anuran amphibians are particularly interesting in terms of their markedly conservative chromosome number and morphology. However, they generally show extraordinary variation in the distribution and morphology of secondary constrictions. The karyology of anuran amphibians has been investigated predominantly by conventionally stained chromosomes and a careful comparative karyotypic analysis has been made among individuals of some anuran families (Seto, 1965; Morescalchi, 1973) . Criteria used for comparison include arm ratio, relative length and centromeric index as well as chromosome number and position of the secondary constriction (BlommerSchlösser, 1978; Supaprom and Baimai, 2002, 2003) . In order to characterise anuran chromosomes in more detail, differential staining techniques have been found useful for multiple bands as well as for indicating the molecular structure of the chromosomes (Schmid, 1978b) . Some authors have already reported heterochromatin banding patterns in chromosomes of certain groups of anuran amphibians (Stock and Mengden, 1975; Schmid, 1978a Schmid, , 1978b King, 1980; Birstein and Mazin, 1982; Matsui et al., 1985) . The c-bands are known to contain repeated sequences of DNA and can be classified into three groups: centromeric, interstitial and telomeric regions (King, 1991) .
In this paper, the distribution of constitutive heterochromatin in the form of positive cbanding occurring in the somatic chromosomes of 4 species of anuran amphibians from Thailand are described.
Materials and methods
Taxonomy and chromosome preparation. The four species of frog were Rana lateralis Boulenger 1887, Limnonectes pileatus (Boulenger, 1916) Glyphoglossus molossus Gün-ther 1868, and Polypedates leucomystax (Gravenhorst, 1829) . Twenty individuals of these species of frog were collected from a variety of natural habitats in Northeastern and Northern Thailand (See Appendix). The specimens were brought back to the laboratory at Ubon Ratchathani University for chromosomal analysis. The specimens were identified using the methods of Taylor (1962) and Chan-Ard et al. (1999) . Preserved specimens are deposited at the Department of Biological Science, Faculty of Science, Ubon Ratchathani University.
Mitotic chromosomes were prepared directly from bone marrow cells after in vivo colcemid treatment (0.3%). The preparation of hypotonic cell suspensions and chromosome fixation followed the technique of Schmid (1978a) with slight modifications as follows. The bone marrow was taken from limb bones. After the cartilageneous epiphyses were cut off from the limb bones, the bone marrow was flushed out using a fine hypodermic needle containing 10 ml of hypotonic KCl solution (0.075 M) into a centrifuge tube. The bone marrow was then vigorously resuspended using a Pasteur pipette and left in the hypotonic KCl solution at 37 • C for 20 min. After hypotonic treatment, the cell suspension was centrifuged at 2000 rpm and fixed with 10 ml of freshcold acetic acid: methanol solution (1 : 3). The fixative was added drop-wise under constant shaking. The fixed materials were washed twice with freshly prepared fixative. Finally, the cells were resuspended in 1 ml fixative, dropped on to a clean slide placed on a hot plate (75 • C) and then left to air-dry overnight.
C-banding procedure and karyotyping. Staining of constitutive heterochromatin was conducted using the BSG method described by Sumner (1972) . The air-dried slides were placed in 0.2 N HCl at room temperature for 15 minutes and rinsed with distilled water before being placed in saturated Ba(OH) 2 solution at 30 • C for 5-10 minutes. Subsequently, they were incubated in 2×SSC at 65 • C for 3 hours and rinsed with distilled water. Finally, the slides were stained with 15% Giemsa for 15 minutes. At least 20 to 25 metaphase cells were examined and photographed. Chromosome pairs were cut out from photographic prints and arranged according to size in parallel rows, so that the conformity of the heterochromatin banding patterns could be observed and analysed.
Results
The four species of frogs showed 2n = 26 biarmed chromosomes ( fig. 1 ). The karyotypes of R. lateralis and L. pileatus each comprised 5 large (Nos. 1-5) and 8 small (Nos. 6-13) pairs, whereas G. molossus and P. leucomystax each exhibited 6 large (Nos. 1-6) and 7 small (Nos. 7-13) pairs. The centromeric and telomeric regions of these species were positively stained. The interstitial regions were detected in most of the chromosomes of G. molossus and P. leucomystax. The characteristics of the c-banded karyotypes of the 4 species are briefly described below.
Rana lateralis: C-banding in R. lateralis was exhibited as centromeric and telomeric bands, while the interstitial chromosome region was rare. A c-positive gray heterochromatin region was observed in the long arm of chromosome No. 10. A conspicuous interstitial c-band on the short arm of chromosome No. 2 could be used as a cytological marker for this species (fig. 1a) . Small interstitial c-bands were found in the long arms of chromosomes Nos. 9, 11 and 13.
Limnonectes pileatus: The c-banding pattern in this species resembled that of R. lateralis.
Both centromeric and telomeric bands were clearly present in all of the large chromosomes, whereas the small chromosomes displayed only telomeric bands. A major c-positive block occurred at the centromeric region of the short arm of chromosome No. 5 and can serve as a good marker for this species (fig. 1b) . Interstitial cbands were observed in the long arms of chromosomes Nos. 2, 8 and 12.
Glyphoglossus molossus: The c-banding pattern of G. molossus appeared predominantly in centromeric, interstitial and telomeric regions. In particular, the long arms of chromosomes Nos. 6 and 8 each displayed a prominent dark interstitial c-band ( fig. 1c) . Moreover, interstitial c-bands could be observed in all chromosomes except for chromosomes Nos. 3, 9 and 12.
Polypedates leucomystax: The c-banding characteristics of this species were similar to that of G. molossus. Centromeric, interstitial, and telomeric heterochromatin bands were obviously present in all chromosomes. Interstitial cbands were detected in all chromosomes except for chromosomes Nos. 5 and 11. Additionally, there was a strikingly gray interstitial c-band in the long arm of chromosome No. 6 ( fig. 1d ).
Chromosomes bearing secondary constrictions or nucleolar organizer regions that appeared as additional interstitial c-blocks, were noticed in R. lateralis, G. molossus and P. leucomystax and were characteristic for each of these species (fig. 2) . A careful comparison of 25 karyotypes of each of the 4 species under investigation has revealed no inter-individual differences in the size or position of the c-bands. No heteromorphic sex chromosomes could be identified by c-banding techniques in males and females of these anurans.
Discussion
Upon examination of the chromosome morphology of many anuran species, one is struck by
